Introduction {#S0001}
============

Stroke is known to be one of the major causes of mortality worldwide and the leading cause of long-term disability as well \[[@CIT0001]\]. In China, ischemic stroke accounts for more than 80% of all strokes \[[@CIT0002]\]. Clinically ischemic stroke is mainly caused by atherosclerosis, which was once considered to be due to the deposition of lipids within the vascular wall of large or medium-sized arteries. However, growing evidence has shown that atherosclerosis was not only a process of lipid accumulation but also an inflammatory outcome \[[@CIT0003]\]. In fact, inflammation, together with endothelial dysfunction, played key roles in the initiation and progression of atherosclerosis leading to stroke, myocardial infarction, and other thrombo-occlusive diseases \[[@CIT0004], [@CIT0005]\]. During the inflammatory process, chemokines, scavenger receptors and adhesion molecules were all activated \[[@CIT0006]\].

CXCL16, also named SR-PSOX (scavenger receptor that binds phosphatidylserine and oxidized lipoprotein), was a recently discovered chemokine with functions of scavenger receptors and chemotactic properties \[[@CIT0007], [@CIT0008]\]. It was observed that there was high expression of CXCL16/SR-PSOX mRNA and protein in plaques of coronary and carotid atherosclerosis, and CXCL16 has been proposed to act as a pathogenic mediator in atherosclerosis \[[@CIT0009]--[@CIT0012]\]. CXCL16 acted as a scavenger receptor to internalize the oxidized low-density lipoprotein (ox-LDL), and was present in lipid-laden macrophages and atherosclerotic lesions \[[@CIT0007], [@CIT0009], [@CIT0013]\]. CXCL16 also existed in a soluble form caused by the metalloproteinase ADAM10 cleavage, and interacted with its specific chemokine receptor designated as CXCR6 to guide the migration of activated T lymphocytes into the inflamed tissue \[[@CIT0008], [@CIT0014]\].

However, the relationship between circulating level of soluble CXCL16 and atherosclerotic disorders remains controversial in clinical practice. Both decreased and increased CXCL16 levels have been reported in patients with atherosclerotic disorders \[[@CIT0010], [@CIT0015]\]. Furthermore, there have been no reports about the correlation between the serum levels of CXCL16 with the different subtypes of ischemic stroke. Therefore, the goal of the present study was to investigate the serum levels of CXCL16 in patients with acute ischemic stroke, including the large artery atherosclerosis (LAA) and small artery occlusion (SAO) subtypes, so as to explore whether the circulating level of CXCL16 correlates with the severity of carotid artery stenosis. If so, changes in the circulating level of CXCL16 may serve as a potential diagnostic biomarker for atherosclerotic ischemic stroke.

Material and methods {#S0002}
====================

Subjects {#S20003}
--------

A total of 227 subjects were enrolled in the present study, including 74 controls and 153 consecutive patients with acute ischemic stroke (≤ 3 days) from atherosclerosis of the carotid artery. The patients were all admitted to the stroke unit in the Affiliated Hospital of Qingdao University. There were 107 men and 46 women aged 39--88 years in the patient group. The control subjects were selected from the Healthcare Clinic, matched for sex and age (39--85 years).

Detailed history inquiry, neurological examination, risk factor assessment, and imaging studies, such as computed tomography (CT) or/and magnetic resonance imaging (MRI) of the brain, transcranial Doppler (TCD), and carotid duplex ultrasonography were performed among all participants. Computed tomography angiography or MR angiography of the brain arteries was further done for the patients with acute ischemic stroke after hospitalization. Digital subtraction angiography (DSA) was performed among those with unconfirmed status. The degree of carotid artery stenosis was determined by the North American Symptomatic Carotid Endarterectomy Trial (NASCET) criteria \[[@CIT0016]\]. Patients with acute ischemic stroke were further classified into two clinical subtypes, LAA and SAO, according to TOAST criteria (Trial of Org 10172 in Acute Stroke Treatment) \[[@CIT0017]\].

Exclusion criteria for ischemic stroke patients and controls included previous stroke, stroke of other subtypes, peripheral vascular disease, liver or renal insufficiency, systemic inflammation, autoimmune diseases and cancer. The controls had no neurological abnormality and their brain CT or MRI showed no silent brain infarction.

The study was approved by the Institute Ethical Committee, and informed consent to participate in this study was signed by all participants.

Serology sample collection and storage {#S20004}
--------------------------------------

Venous blood samples were drawn from the antecubital vein after an overnight fast. For ischemic stroke patients, blood samples were obtained within 24 h of admission. Isolated by centrifugation at 3000×g for 10 min, serum or plasma samples were aliquoted and stored at --70°C until analyzed. All samples were thawed only once.

Laboratory measurements {#S20005}
-----------------------

Serum-soluble CXCL16 concentration was measured with the human CXCL16 Quantikine ELISA Kit (R&D Systems, Minneapolis, MN, USA) according to the manufacturer\'s instructions. Absorbance was measured by a Benchmark Microplate reader (Bio-Rad, Hercules, CA).

Total cholesterol (TC), low-density lipoprotein (LDL), high-density lipoprotein (HDL), and triglycerides (TG) were assessed by routine methods using a fully automatic biochemical analyzer (Hitachi 7600-020, Hitachi, Tokyo, Japan). Serum high sensitivity C-reactive protein (hs-CRP) was measured by immunoturbidimetric assay with the automatic biochemical analyzer. Plasma fibrinogen (Fg) was measured by the Von Clauss coagulative method (Fibri-Prest Automate, Diagnostica Stago, Asnieres, France).

Statistical analysis {#S20006}
--------------------

Statistical analyses were performed using the SPSS 11.5 for Windows software (SPSS Inc., Chicago, IL). The Kolmogorov-Smirnov test was used to evaluate whether each variable followed a normal distribution. Normally distributed variables were presented as mean ± standard deviation (SD), and non-normally distributed variables as medians with inter-quartile ranges. Student\'s *t* test or Mann-Whitney *U* test was used to test for differences between two groups. One-way analysis of variance (ANOVA) followed by the Student-Newman-Keuls test or Kruskal-Wallis test was used to test for differences among several groups. For the enumeration data, the χ^2^ test was used to compare means. Spearman rank correlation coefficient was used to assess the relationship between serum CXCL16 concentration and other parameters. A *p* value less than 0.05 was considered statistically significant.

Results {#S0007}
=======

Demographic profile {#S20008}
-------------------

Of all stroke patients, there were 86 patients with LAA stroke, and 67 with SAO stroke according to TOAST criteria. There were no statistical differences in age (*F* = 1.11, *p* = 0.33), gender (χ^2^ = 2.55, *p* = 0.28), active smoking (χ^2^ = 1.31, *p* = 0.52) or alcohol abuse (χ^2^ = 2.68, *p* = 0.26) among the participants. Differences in co-existence with coronary artery disease (CAD, χ^2^ = 0.57, *p* = 0.75), hypertension (χ^2^ = 5.54, *p* = 0.06) and diabetes (χ^2^ = 1.39, *p* = 0.5) were not significant either among these three groups ([Table I](#T0001){ref-type="table"}).

###### 

Demographic characteristics of ischemic stroke patients and controls

  Variables                Controls (*n* = 74)   Ischemic stroke   
  ------------------------ --------------------- ----------------- --------------
  Age \[years\]            65.96 ±11.54          68.29 ±11.47      65.93 ±11.48
  Gender, *n* (%)                                                  
   Male                    44 (59.5)             61 (70.9)         46 (68.7)
   Female                  30 (40.5)             25 (29.1)         21 (31.3)
  Active smoker, *n* (%)   26 (35.1)             27 (31.4)         27 (40.3)
  Alcohol abuse, *n* (%)   16 (21.6)             27 (31.4)         22 (32.8)
  Hypertension, *n* (%)    42 (56.7)             64 (74.4)         44 (65.7)
  Diabetes, *n* (%)        19 (25.7)             29 (33.7)         22 (32.8)
  CAD, *n* (%)             19 (25.7)             25 (29.1)         21 (31.3)

Laboratory results {#S20009}
------------------

Laboratory findings are presented in [Figure 1](#F0001){ref-type="fig"} and [Table II](#T0002){ref-type="table"}. Serum CXCL16 concentrations were significantly increased in LAA and SAO stroke patients compared to those of the controls (*p* \< 0.01, *p* \< 0.05), and were also significantly higher in LAA subtype than in SAO subtype (*p* \< 0.05, [Figure 1](#F0001){ref-type="fig"}).

![Serum CXCL16 levels in controls, patients with LAA and SAO stroke. Horizontal line in the box plots represents the median value; the boxed area is the interquartile range and the whiskers denote the minimum and the maximum](AMS-10-21871-g001){#F0001}

###### 

Clinical laboratory findings of ischemic stroke patients and controls

  Variables           Controls (*n* = 74)   Ischemic stroke                                                                          
  ------------------- --------------------- ---------------------------------------------------------------------------------------- -----------------------------------------------------
  CXCL16 \[ng/ml\]    2.04 (1.80, 2.26)     2.36 (2.03, 2.68)[\*](#TF0001){ref-type="table-fn"},[\#](#TF0004){ref-type="table-fn"}   2.13 (1.92, 2.50)[Δ](#TF0002){ref-type="table-fn"}
  hs-CRP \[mmol/l\]   1.13 (0.65, 1.69)     3.43 (1.55, 10.47)[\*](#TF0001){ref-type="table-fn"},[†](#TF0003){ref-type="table-fn"}   1.41 (0.93, 3.85)[\*](#TF0001){ref-type="table-fn"}
  Fg \[g/l\]          2.40 (1.80, 2.26)     3.14 (2.51, 3.70)[\*](#TF0001){ref-type="table-fn"}                                      2.74 (2.56, 3.40)[\*](#TF0001){ref-type="table-fn"}
  TC \[mmol/l\]       4.51 ±1.00            4.89 ±1.19                                                                               4.80 ±1.13
  TG \[mmol/l\]       1.42 ±0.37            1.78 ±0.59[\*](#TF0001){ref-type="table-fn"}                                             1.63 ±0.49[D](#TF0002){ref-type="table-fn"}
  LDL \[mmol/l\]      2.49 ±0.70            2.85 ±0.92[\*](#TF0001){ref-type="table-fn"}                                             2.85 ±0.83[\*](#TF0001){ref-type="table-fn"}
  HDL \[mmol/l\]      1.31 ±0.31            1.24 ±0.24                                                                               1.27 ±0.28

Data presented as mean ± SD or median (interquartile range) for variables; ischemic stroke vs. controls:

p \< 0.01

p \< 0.05

LAA vs. SAO

p \< 0.01

p \< 0.05

TC -- total cholesterol, TG -- triglycerides, LDL -- low-density lipoprotein, HDL -- high-density lipoprotein, hs-CRP -- high sensitivity C-reactive protein, Fg -- fibrinogen

Serum hs-CRP and Fg concentrations were significantly increased in both LAA and SAO compared to those of controls (*p* \< 0.01), and the concentration of hs-CRP was higher in LAA subtype than in SAO subtype (*p* \< 0.01, [Table II](#T0002){ref-type="table"}).

Serum levels of TG and LDLs were much higher in both LAA and SAO compared to those of controls (*p* \< 0.01, *p* \< 0.05, [Table II](#T0002){ref-type="table"}), but significant differences between the two subtypes were not found. There were no significant differences in TC or HDL levels among the three groups.

Relationships of serum CXCL16 concentration to plasma lipoproteins, hs-CRP and Fg {#S20010}
---------------------------------------------------------------------------------

Serum CXCL16 concentration had no correlation with age or gender. Furthermore, serum CXCL16 concentration had no correlation with the levels of lipid, lipoprotein fractions, hs-CRP or Fg (*p* \> 0.05).

Relationships of serum CXCL16 concentration to the severity of carotid artery stenosis in LAA subtype {#S20011}
-----------------------------------------------------------------------------------------------------

In LAA subtype, 55 patients had high-grade carotid artery stenosis (70--99%) or occlusion, and the other 31 had a moderate degree of stenosis (50--69%). The serum CXCL16 concentration in the high-grade stenosis group (2.36 (2.06, 2.64) ng/ml) was higher than that in the moderate-grade stenosis group (2.24 (2.02, 2.71) ng/ml), but the difference between them was not statistically significant (*p* \> 0.05).

Discussion {#S0012}
==========

The present study showed that circulating CXCL16 levels in patients with acute ischemic stroke from atherosclerosis of the carotid artery, especially in LAA subtype, were significantly increased when compared to those of the controls. Furthermore, the elevation of CXCL16 levels was not found to be associated with other acute phase reactants or serum lipid parameters. Therefore, it is likely that systematic serum CXCL16 level might be independently associated with the development of atherosclerotic ischemic stroke. Similar to our result, Smith *et al*. reported increased plasma levels of CXCL16 in coronary artery disease (CAD) independent of co-morbidity such as diabetes and hypertension \[[@CIT0010]\]. They found that soluble CXCL16 induced inflammatory responses in vascular smooth muscle cells (SMC) and human peripheral blood mononuclear cells (PBMCs), with particularly prominent effects on PBMCs in CAD patients, which suggested that soluble CXCL16 could be linked to atherogenesis not only as a marker of inflammation, but also as a potential inflammatory mediator.

There is increasing evidence illustrating that inflammation plays an important role in the pathophysiology of ischemic stroke \[[@CIT0018]--[@CIT0020]\]. Atherosclerosis is a complex disease which involves chronic inflammation at every stage, from initiation to progression and eventually to plaque rupture, and some inflammatory markers are even related to vulnerable plaque stabilization and the prognosis of thrombo-occlusive diseases \[[@CIT0004], [@CIT0021]\]. Consistent with these data, levels of acute inflammatory reactants, such as hs-CRP and Fg, were also found significantly increased in patients with acute ischemic stroke in our study.

Based on its potential action as a scavenging receptor internalizing ox-LDL and showing enhanced expression in atherosclerotic plaques \[[@CIT0007], [@CIT0009], [@CIT0011]\], CXCL16 was thought to play a crucial role in pathogenesis of atherosclerosis. It was reported that CXCL16 interacts with its specific chemokine receptor CXCR6 to guide the migration of activated T cells into inflamed tissue \[[@CIT0008], [@CIT0013]\], and activated T cell begins producing tumor necrosis factor (TNF), interleukin-2, etc, which are involved in atherosclerosis. Upon studying the CXCL16 expression in human mononuclear cells, SMC and endothelial cells (ECs), it was found that CXCL16 mRNA could also be induced by interferon (IFN)-γ and TNF-α \[[@CIT0013], [@CIT0022]\]. Interferon-γ treatment of human PBMCs, THP-1 cells and SMCs promotes the uptake of ox-LDL by these cells, which may be mediated by increased expression of membrane-bound CXCL16. On the other hand, anti-CXCL16 antibodies could block the uptake of ox-LDL by human PBMCs *in vitro* \[[@CIT0011], [@CIT0023]\]. Therefore, CXCL16 is a link between pro-inflammatory stimuli and lipid uptake \[[@CIT0006]\]. Our study suggested that soluble CXCL16 levels were independently associated with atherosclerotic ischemic stroke, and particularly LAA subtype. Higher CXCL16 levels in LAA subtype than in SAO subtype may suggest that metabolic dyslipidemia and inflammatory risk factors may contribute more to the former process.

The relationship of serum CXCL16 concentration to severity of artery stenosis was debatable. Circulating CXCL16 could or could not be related to the severity of coronary artery stenosis \[[@CIT0024], [@CIT0025]\]. Wang *et al*. \[[@CIT0026]\] suggested that serum CXCL16 concentration was strongly associated with increased carotid intima-media thickness and vulnerable plaque. Our study suggested that serum CXCL16 level was not linked to the severity of carotid artery stenosis in LAA stroke patients. The explanation of this discrepancy is that vulnerable plaque contributes more to the process of atherothrombotic stroke or embolism than artery stenosis itself, and there is probably no association between the vulnerability of a plaque and the severity of artery stenosis. CXCL16 induces angiogenesis as a vascular-derived factor \[[@CIT0027]\], and the neovascularization is a core event in the rupture of plaques \[[@CIT0028]\].

The results of the study are limited to some degree since it is difficult to study the status of membrane-bound CXCL16 and other inflammatory parameters in our patients. Such knowledge may help clarify the exact role of CXCL16 and its association with the development of atherosclerotic ischemic stroke. Nevertheless, our study has revealed that increased levels of serum-soluble CXCL16 were independently associated with the presence of atherosclerotic ischemic stroke. More studies are needed to further elucidate the role of CXCL16 as a biomarker of atherosclerotic stroke that can be applied in clinical practice or stroke epidemiology studies.
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